INTRODUCTION
The Picacho earth fissure trends north and south and transects alluvial sediments west of the Picacho Mountains in south-central Arizona ( fig. 1 ). The fissure is 15 km long and exhibits as much as 0.6 m of normal dip-slip movement at the land surface with the west side of the fissure downthrown. Parts of the fissure were known to exist as early as 1927 (J.R. Marie, hydrologist, U.S. Geological Survey, oral commun., 1986; A.E. Douglas, professor, University of Arizona, written commun., 1927) . Other sections are identifiable on aerial photographs taken during flights in 1936 (U.S. Soil Conservation Service, unpublished data, 1936) . The history of subsidence and fissuring in the basin has been documented by several studies including those by Schumann and Poland (1969) and Peterson (1962) , Winikka (1964) , Schumann (1974) , and Laney and others (1978) . Movement across the fissure between 1964 and 1977 was documented by Holzer and others (1979) .
In the summer and fall of 1980, the U.S. Geological Survey installed a buried horizontal extensometer across the fissure near test hole TA-1 and set two lines of surveying stations ( fig. 1 ) to investigate movement near the fissure and to test the correlation of fissure movement with water-level fluctuations in piezometer 1 at test hole TA-1. The purposes of this report are to present the data from repeated surveys and continuously recorded horizontal-strain and water-level measurements and to briefly document the methods of data collection and processing. Other water-level data from test hole TA-1 were presented by Wrege and others (1985) . Acknowledgments J.K. Boling provided extensive field assistance, and B.L. Massey provided rigorous instruction in techniques of precise surveying. F.S. Riley gave valuable comments and criticisms. C.A. Carpenter and E.R. Carpenter provided additional field assistance. Test hole TA-1 was drilled in 1979 by the U.S. Bureau of Reclamation.
METHODS OF DATA COLLECTION

Surveying
Two survey lines, designated TA-1 and Nose ( fig. 1 ), were established in spring 1980 for measurement of horizontal and vertical deformation in subsiding alluvial sediments near the Picacho Mountains (tables 1 and 2). TA-1 survey line consists of 17 stations and extends from station A, north 88° west, normal to and beyond the Picacho earth fissure, to station Q. Fissures cross the TA-1 survey line east of station B, between stations B and C, between stations J and K, and between stations K and L. Nose survey line consists of 13 stations and extends from station AA, north 74° west, approximately normal to and beyond three earth fissures, to station AL. Stations A and AA are on outcrops of granite gneiss and are assumed to be stable. Nose survey line does not cross the Picacho earth fissure. Fissures cross the Nose survey line between stations AD and AE, AF and AG, and AH and AI.
Station A is a 50-millimeter-diameter brass cap labeled "USGS A," which was center punched and cemented into a hole drilled into bedrock outcrop. The station is in a small saddle near the west slope on the end of the southwest-trending protrusion of bedrock in the NWi, NEi, SWi, sec. 4, T. 8 S., R. 9 E., Newman Peak quadrangle ( fig. 1 ). The west, south, and southeast slopes of the outcrop are covered with petroglyphs. The station is about 14.6 m higher than the alluvial surface. Stations B through F and P and Q are iron rods, each of which is 1.5 m long and 20 mm in diameter. The rods were driven vertically into the ground through the bottoms of holes 400 mm deep and 200 mm in diameter. The rods were greased where exposed in the holes, and the holes were filled with concrete to the land surface. The rods were greased to allow vertical decoupling between the concrete and the rods to prevent the stations from jacking as a result of expansion and contraction caused by changes in moisture content of the soil surrounding the concrete. The ends of the rods, which were exposed 5 mm or less above land surface, were center punched and punched with letters to designate the stations.
Stations G through 0 are 3-meter by 20-millimeter iron rods driven 1.05 m into the bottoms of 1.5-meter by 300-millimeter holes, allowing the rods to protrude 450 mm above the land surface. Iron pipes 1.5 m in length by 100 mm in diameter were concreted in the holes around the rods. The pipes projected 410 mm above the land surface, and the rods projected an additional 40 mm above the pipes. The insides of the pipes were filled with concrete so that the rods were centered in the pipes. The rods were greased where they contacted concrete. Ball bearings 25.38 mm in diameter were welded to 9.5-millimeter-diameter threaded rods, which were screwed into threads previously drilled and tapped into the ends of the iron rods. The threaded rods were secured with lock nuts and thread-locking compound.
Station AA of the Nose survey line was a 50-mil1imeter-diameter brass cap labeled "USGS AA" set on a bedrock bench on a northwest-trending promontory in the NEi, NEJ, NWi, sec. 4, T. 8 S., R. 9 E, Newman Peak quadrangle ( fig. 1) . The station was 6.8 m higher than the alluvial surface. Stations AB, AK, and AL were set like stations B through F of the TA-1 survey line, and stations AC through AJ were set like stations G through 0. Station BA was a 25-millimeter-long steel carriage bolt with 8-millimeter threads driven into a 7-millimeter-diameter hole drilled into bedrock at the contact between bedrock and the alluvial surface. Station BA was set in November 1981. Stations AA through AJ were destroyed by construction of the Central Arizona Project aqueduct in the summer of 1986. Slope distances from station A to each of stations B, C, D, E, F, G, 0, P, and Q and from station AA to each of stations AB, AC, AJ, AK, and AL were measured using a Hewlett-Packard HP3808A Electronic Distance Meter (EDM) 1 , Hewlett-Packard retroprisms, and tripods with plumb rods that display instrument or target height. The EDM was calibrated in October 1980 and July 1984, and deviation from calibration over that period was less than 5xlO~5 percent. The EDM is specified for an accuracy of 2xlO~4 percent and is capable of an accuracy of IxlO' 4 percent if temperature and pressure corrections are made for differences between the refractive index of air along the line of sight at the time of measurement and the index for which it is set. For short measurements of as little as 1.5 km along the two survey lines, end-point temperature and pressure measurements were made at the heights of the instrument and the retroprism. Temperature measurements were made using shaded, calibrated x Use of trade names in this report is for identification purposes only and does not constitute endorsement by the U.S. Geological Survey. s thermometers or thermistors. Pressure measurements were made using Wallace and Tiernan aneroid barometers that were calibrated against a U.S. Weather Service mercury barometer. The mean and the standard deviations were determined from ten replications of each distance measurement. Temperature and pressure corrections were applied to the mean value of the replications to give a measured slope distance. The measured slope distance was then trigonometrically reduced to horizontal distance using the target height, instrument height, and the altitudes of the stations as determined from leveling surveys.
Slope distances between nearest pairs of stations from G through 0 and AC through AJ were periodically measured using a tape extensometer. This instrument incorporates two built-in dial gages and a surveying tape, which has registration-pin holes punched at 50.8-millimeter intervals. One dial gage measures tape tension by the deflection of a proving ring. The second dial gage measures the distance from the punched hole in which the registration pin was locked. The instrument is mounted on a ball-bearing station with the surveying tape stretched to and mounted on another ball-bearing station. Because of random errors of ±0.07 mm in the locations of the registration-pin holes and nonstandard conditions of tape stretch and sag, the absolute accuracy of these distance measurements may be as much as ±1.0 mm for some measurements. Because tape tension is constant at 146 newtons (N) for all measurements, tape sag, as a function of length and tape tension, is constant for repeated measurements between pairs of stations. Thus, a constant error in the absolute distance between a pair of stations is eliminated as an error in the difference of distances between the pair for periodic measurements. The tape extensometer measures changes in distance over intervals of as much as 30 m with a repeatability of ±0.13 mm or ±4x10"* percent. The temperature of the tape during a measurement was monitored at a point near the center of the tape using a calibrated surface-measuring thermistor. Five replications, each with its own temperature correction, were made for each pair of stations. Data were keyed into a hand-held data logger that stored the data for transfer to a computer. The data logger also used the previous distance and the current distance between stations to calculate and display in the field the displacement and strain since the last set of measurements. The tape extensometer was calibrated before and after each set of field measurements on a frame that had been measured with a caliper with an accuracy of 0.03 mm. Calibration of the caliper was traceable to the U.S. Bureau of Standards. Slope distances between tape-extensometer station pairs were trigonometrically reduced to horizontal distances using leveling data.
The tape-extensometer data were proportionally adjusted to agree with the EDM data. EDM measurements are more accurate over long distances; tape extensometer measurements are more accurate over short distances. The only tape extensometer stations measured by the EDM were the end points of the tape-extensometer lines (points G and 0 and points AC and AJ) (tables 1-2). Before adjustment, discrepancies between horizontal components of EDM distances from G to 0 and from AC to AJ and concatenated absolute tape extensometer distances from G to 0 and from AC to AJ were no more than 1.5xlO~3 percent.
The two survey lines were leveled using a Zeiss Ni-1 level. Some Ni-1 levels have shown errors caused by magnetic effects (Holdahl and others, 1986) . These errors are considered to be insignificant for TA-1 and Nose survey lines because the lines are approximately east-west, or orthogonal to the Earth's magnetic field, and there were no nearby power lines at the times of the surveys. In addition, the same level was used for all surveys, and the changes in altitude of a station are of interest in this study not the absolute altitude. The datum for establishing stations A and AA is the bench mark near station B at an altitude of 514.19 m. The leveling was double run and adhered to 1st Order, Class 1 standards (Federal Geodetic Control Committee, 1974) with the exception that only one rod was used. Maximum sight length was 30 m, so refraction errors were considered to be insignificant (Holdahl, 1981) . Balance of sightings was assured by chaining and staking instrument locations for subsequent runs. The allowable closures for 1st Order, Class 1 standards are 3.6 mm for TA-1 survey line and 2.1 mm for Nose survey line. Corresponding nominal accuracies are 1.8 mm and 1.1 mm and apply to each line as a whole. Relative altitudes among closely spaced points should be more accurate than the nominal accuracy. For this reason, values of altitudes of stations in tables 1 and 2 are given to 0.1 mm.
All horizontal distances by EDN and tape extensometer were measured for both Nose and TA-1 survey lines for all seven observation times. All stations on Nose survey line and stations F through Q on TA-1 survey line were leveled for all observation times. Stations A through E were leveled as of May 31, 1980, and May 15, 1984 , only. Absolute altitudes of stations B through Q (table 1) for periods between December 16, 1980 , to June 6, 1983 , were interpolated on the basis of proportional elapsed time between May 31, 1980, and May 15, 1984 . Agreement between rates of subsidence for stations AK and C, which are about the same distance from the mountain front, is 3.2 percent and for stations AL and D, also about the same distance from the mountain front, is 5.7 percent (figs. 2-4), so the interpolation scheme seems reasonable. Altitudes of stations B through F for intermediate time periods, however, are not significant beyond 0.01 m. Relative altitudes from F to Q are consistent on the basis of the leveling done from F to Q for all observation times.
Horizontal Extensometer
In the fall of 1980, a buried horizontal invar-wire extensometer (Schulz and Burford, 1977; Duffield and Burford, 1973) was installed spanning a 30-meter interval across the Picacho earth fissure along a line parallel to and 3 m north of the TA-1 survey line ( fig. 1 ). The invar wire was strung through a 200-mi 11 imeter-di ameter horizontal polyvinyl chloride pipe and buried at an average depth of 2 m. The extensometer piers and recording instrumentation were housed in two 1.2-meter-diameter Fiberglas vaults that extend from 0.2 m to 2.4 m below the land surface. The vaults, which consist of upper and lower sections, were sealed against moisture and air leakage around the piers, pipe, and covers. The upper section of each vault was filled with polystyrene peanuts in plastic bags for thermal insulation. Piers of 2-meter-long by 100-millimeter-diameter iron pipe were set in concrete below the bottoms of the lower sections of the vaults so that the tops of the piers project about 450 mm above the vault floors. The invar wire was attached to the anchor pier 3 m north of station M (table 1) , suspended in catenary inside the pipe, and extended to the instrument pier 3 m north of station I (table 1) . Above the instrument pier, the wire passes over a low-friction pulley sector mounted on the pier and supports a freely suspended 2-kilogram counterweight. The core of a linear-variable-differentialtransformer-displacement transducer was strung on the invar wire above the counterweight. Thus, changes in horizontal distance between the piers are converted to vertical movement of the core inside the transducer. A micrometer head with a resolution of 0.001 mm attached to the instrument pier can be adjusted to contact a reference surface fixed to the invar wire for calibration of the transducer as well as for maintaining continuity of measurement during resets of the invar wire. When the extensometer was installed, the center-to-center distance between the anchor and instrument piers was taped as 29.61 m.
A battery-powered data logger and audio-cassette recorder were used to record the horizontal displacement, water level in piezometer 1 at well TA-1, barometric pressure, power-supply voltage, and temperatures measured by three thermistors in the vaults and the pipe. Resolution of the displacement transducer using the data logger was 0.001 mm. Resolution of the thermistors was 0.07°C. The water-level sensor in piezometer 1 was a continuous-purge bubbler system, which consisted of a 6-millimeter copper-tube air line and a transducer with a gage-pressure range of 0 to 170 kPa and a resolution of 6 mm of water-level fluctuation. The barometric transducer had a range of 0 to 100 kPa absolute pressure and a resolution of 4 mm of water-level fluctuation.
Most of the gaps in the data ( fig. 5 , tables 3-4) were due to failures of the data logger, probably because of effects of nearby lightning strikes on long signal leads to thermistors and pressure transducers. Lightning protection was used on all leads into the data logger and probably saved the data logger from serious damage. The data logger, however, had to be replaced several times and repaired by the manufacturer. Other gaps were caused by pressure-transducer failures, thermistor failures, and premature battery-voltage dropoff.
WATER-LEVEL AND DEFORMATION DATA
The water-level and deformation data are summarized in tables 1-3 and figures 2-5. The tabulated values of altitude of water surface and horizontal movement are noon values, which were extracted from an array of data that was sampled ten times per day for more than 4 years and totaled more than 100,000 values. The original array contains sample time and date, horizontal movement, water level, barometric pressure, power-supply voltage, instrument-vault temperature, pipe temperature, and anchor-vault temperature. Corrections to the horizontal-movement record include many resets of the invar wire and a temperature correction that used three temperature records and was based on a thermal calibration done on September 10, 1981. Corrections to the water-level record include many resets of air-line length and periodic well taping. Test hole TA-1 subsided from an altitude of 502.13 m in May 1980 to 501.98 m in May 1984. This subsidence was applied as a correction to the water-level data by linear interpolation over the period of record. A second, more compact array contains coded day and time, temperature-corrected horizontal movement, corrected altitude of water surface, barometric pressure, and instrument-vault temperature. The data in tables 3 and 4 are extracted from the 14,064-row by 5-column array.
ALTITUDE OF WATER SURFACE, IN METERS
The values in table 4 are the changes in distance between the two piers of the horizontal extensometer since November 14, 1980. To determine movement from date A to date B, subtract the value for date A from the value for date B. A positive result represents fissure closing, and a negative result represents fissure opening.
Deformation along the two survey lines is shown in figures 2 through 4. The location of the origin of the graph of each station is its topographic location along the survey line. Each trajectory then represents the movement of that station in the vertical plane containing the survey line. Because the scale of movement is magnified 1,000 times, it appears that closely spaced stations have collided but, in fact, they have moved only slightly in relation to each other.
